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Somatic and zygotic embryos of Pinus patula Scheide
et Deppe. were encapsulated in 2.2% sodium alginate to
examine the potential of producing artificial seeds. The
alginate beads were supplemented with sucrose, malt-
ose and activated charcoal. Somatic embryos encapsu-
lated in alginate beads supplemented with both sucrose
and charcoal germinated from the alginate beads after
14 days, and could be stored for 20 days with a 30%
decrease in the percentage germination.
Modern agricultural and horticultural practices have
focused on improving homogeneity in the fields of plant
growth and development. This is especially important in the
forestry industry where certain anatomical characteristics
are favoured. Methods of clonal propagation have been
very important in achieving this. One such clonal technique
is somatic embryogenesis for the production of artificial
seeds. Research into somatic embryogenesis of many
commercial species is well documented. Pinus embryo-
genic induction has been recorded by Gupta and Durzan
(1987), Laine and David (1990) and Tautorus et al. (1991).
Jones and Van Staden (1995) successfully induced somat-
ic embryogenesis in Pinus patula, a popular and important
softwood grown in South Africa. Recently, much effort has
been directed at improving the maturation and germination
response of conifer somatic embryos for use as synthetic
seed.
Like natural seeds, artificial seeds require high-quality
embryos, and this is the limiting step for the commercialisa-
tion of artificial seeds. Several methods of somatic embryo
encapsulation have been examined. These include gelation,
complexing coacervation, and interfacial polymerisation. Of
these methods, gelation was the most successful, with sodi-
um alginate being the most useful gel tested (Redenbaugh
et al. 1986, Redenbaugh 1993). There are two forms in
which somatic embryos may be encapsulated. These are
hydrated and desiccated. According to McKersie et al.
(1995), drying somatic embryos, whether naked or subse-
quently encapsulated, allows for longer storage of the
propagule. Propagules can then be stored like conventional
seeds and planted in the greenhouse at the appropriate time
to synchronise production. One of the problems with artificial
seeds is their storage. Somatic embryos encapsulated in
sodium alginate have a short storage time at room tempera-
ture. However, by drying the alginate beads to 67% water
loss, and storing them at 2°C, the synthetic seeds could be
stored for 60 days with subsequent germination of 100%
and seedling emergence of 80% (Redenbaugh et al. 1993).
Desiccated somatic embryos have the potential to be
shipped or even mailed from a central tissue culture facility
to a number of diverse greenhouse production facilities
(McKersie et al. 1995). Sodium alginate is the most widely
used hydrogel for the production of synthetic seeds. The gel
formation that occurs is as a result of a chemical reaction
rather than heat, and therefore the beads are stable at room
temperature (Redenbaugh et al. 1986).
The aim of this study was to examine the potential of
encapsulating mature somatic embryos of Pinus patula for
the production of artificial seed. 
The embryogenic tissue used was initiated from immature
seeds collected from 1-year-old cones of Pinus patula
Scheide et Deppe. provided by SAPPI Forests Research,
South Africa in December 1997 to January 1998. The
embryogenic tissue was sub-cultured onto a MSG3 mainte-
nance medium (Becwar et al. 1990) which is a modification
of MS medium (Murashige and Skoog 1962). The medium
was solidified with 3g l-1 gellan gum (Gelrite®). The tissue
was kept in the dark at 25°C. Sub-culturing was done every
two weeks to proliferate and ensure viability of the tissue.
Once sufficient embryogenic tissue had been induced, it was
placed into suspension culture under reciprocal shaking to
promote somatic embryo proliferation. The suspension
medium was MSG3 medium without gellan gum (Gelrite®).
After three weeks in suspension, 1ml aliquots of suspension
medium containing immature embryos were drained onto
Whatman No. 1 filter paper discs and placed on 240 matu-
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ration medium (Pullman and Webb 1994) supplemented
with 0.01mg ml-1 absisic acid to stimulate somatic embryo
maturation. The 240 medium contained various concentra-
tions (0%, 5%, 7.5% and 10%) of polyethylene glycol (PEG)
8000. The embryogenic tissue was placed on to new 240
maturation medium every three weeks. Mature somatic
embryos were harvested after eight weeks. Only suitably
developed embryos that resembled their zygotic embryo
counterparts were selected. According to the Von Arnold and
Hakman (1988) classification system, these were regarded
as stage 3 embryos, showing small opaque cotyledons clus-
tered around a central meristem.
The mature somatic embryos were encapsulated in sodi-
um alginate through the use of a tapped burette and 100mM
calcium nitrate complexing solution. The following sodium
alginate concentrations were tested to determine the opti-
mum concentration for embryo encapsulation: 0.5%; 1%;
2%; 2.2%; 2.5% and 3%. Each of these sodium alginate
concentrations was also tested on mature zygotic embryos
excised from seed.
Various supplements were tested on the subsequent ger-
mination of the encapsulated somatic embryos. These
included: no additives; 3% sucrose; 2g l-1 activated char-
coal; 3% sucrose with 2g l-1 activated charcoal; and 3%
maltose with 2g l-1 activated charcoal (maltose was used
because embryogenic cells had been maintained on malt-
ose). Forty replications were used for each of the encap-
sulation treatments including the controls and storagetreat-
ments.The control treatments included both somatic
embryos and zygotic embryos. Somatic embryos were
placed directly onto 240 germination medium without being
encapsulated (naked embryos) in order to compare their
germination with that of the encapsulated somatic
embryos. The 240 germination medium is similar to the
240 maturation medium except that it lacks hormones and
PEG. The gellan gum (Gelrite®) concentration was 2.5g l-1.
The excised zygotic embryos were encapsulated in 2.2%
sodium alginate without any additives and with 3%
sucrose.
After encapsulation and coating, the artificial seeds were
placed onto 240 germination medium and in dark for either
seven or 14 days, before being placed in light (12h pho-
toperiod) provided by cool white fluorescent lamps (OSRAM,
75W) (PAR of 68μmol m-2 s-1) in a growth room at 25°C.
These artificial seeds were monitored on a daily basis, with
final germination being recorded on day 15.
Somatic embryos encapsulated in 2.2% sodium alginate
supplemented with 3% maltose and 2g l-1 activated charcoal
were stored at 2°C for various time intervals. Embryos pre-
pared with 0%, 5%, 7.5% and 10% PEG, were placed in
Petri dishes containing 5.5mm Whatman No. 1 filter paper
discs. The dishes were sealed with Parafilm® and placed in
black plastic bags in refrigeration (2°C) for 10 and 20 days,
respectively, before being placed on 240 germination medi-
um and monitored for germination.
The study was conducted on one genotype. Genotype
responses often differ suggesting that somatic embryos from
one embryogenic line may be more or less responsive to
encapsulation than those of another.
The bead should not physically interfere with the growth of
the somatic embryo (Molle et al. 1993). Shigeta et al. (1990)
found the optimum hardness for alginate beads to be
between 0.2kg cm-1 and 0.5kg cm-1. The hardness of the
alginate bead may be modulated by varying sodium alginate
concentration, calcium ion concentration in the complexing
medium, or the duration of complexing. According to United
States Patent (No. 5, 236, 469), the preferred sodium algi-
nate concentration is within a range of 0.5% and 2.5%
(Carlson et al. 1993).
We found 2.2% sodium alginate to be optimal. Embryos
encapsulated in higher concentrations of sodium alginate
did not germinate. This could be due to lack of penetration
of the outer surface of the bead. Redenbaugh et al. (1993)
reported a similar problem with the encapsulation of alfalfa
somatic embryos but resolved it by using a lower sodium
alginate concentration (2%) as well as reducing the com-
plexing time to 30min. We found the ideal complexing time
for P. patula somatic embryos to be is 20min. As in an earli-
er study (Redenbaugh et al. 1993), the overall quality of the
P. patula somatic embryos was critical for achieving high
germination frequency. 
After placement on 240 germination medium, the unen-
capsulated control embryos (naked) began to swell, green
and the radicals elongated slightly. This was recorded as
germination (Figure 1). The somatic embryos that were pro-
duced on PEG-containing maturation medium were hyper-
hydric. The somatic embryos that were derived from the 5%
and 7.5% PEG treatments displayed swelling at the base of
the hypocotyl, suggesting that no further germination was
likely to occur. Hypocotyl development was absent. Callus
production was observed at the base of the hypocotyl, indi-
cating that these embryos probably would not germinate.
These abnormal developments could possibly have been
prevented by partially drying the somatic embryos before
placing them on 240 germination medium.
The inclusion of an osmoticum such as PEG in the matu-
ration medium has been found to stimulate conifer somatic
Figure 1: Percentage germination of naked somatic embryos after
15 days. Striped bars represent the somatic embryos placed in the
dark for 7 days only. Solid bars represent the embryos placed in the
dark for 14 days
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embryo maturation (Li et al. 1997). However, exposure to
increasing concentrations of PEG has an increasingly
inhibitory effect on germination and early root growth
(Bozhkov and Von Arnold 1998). We also noticed this in the
present study where the somatic embryos produced on the
higher PEG concentrations died sooner than those pro-
duced on the lower PEG (5%) concentration or were PEG
free. Bozhkov and Von Arnold (1998) suggested that the
possible cause for the inhibition of germination is that the
PEG-treated somatic embryos have a different anatomical
appearance in comparison to those not treated with PEG.
This is seen when comparing somatic embryos not treated
with PEG, with somatic embryos treated with 5%, 7.5% and
10% PEG, respectively. These effects of PEG on embryo
germination may have contributed to the lack of radicle
emergence from the alginate beads. This suggests that
poor germination response rather than the encapsulating
process may be a limiting factor. However, PEG improves
desiccation tolerance, a process that occurs naturally in
most seeds. Exposure to a lower PEG concentration during
maturation may still ensure a high degree of somatic
embryo maturation, while not promoting embryo senes-
cence during germination as observed in this study using
10% PEG.
The results suggest that for emergence of germinating
somatic embryos from the artificial beads, the sodium algi-
nate should contain 2g l-1 activated charcoal. Somatic
embryos encapsulated in beads without activated charcoal
showed no signs of germination, while all treatments with
activated charcoal manifested either cotyledon greening
(Figure 2) or elongation. Activated charcoal is thought to
assist in gaseous exchange within the artificial bead. The
addition of a carbohydrate source is also very important.
When either maltose or sucrose was added to the beads,
cell elongation was noted and radicle emergence from the
bead occurred (Figure 3). Molle et al. (1993) showed that
a minimum amount of sucrose is needed within the bead
for the embryos development and germination. However,
sugars may diffuse from the beads and therefore become
limiting to the embryos. Sugar diffusion can be prevented
either by replacing the sucrose in the beads with longer
chain sugars which diffuse less readily, or by coating the
bead’s surface. The effect of light and dark on somatic
embryo germination was only noticeable when sucrose or
maltose was added. Higher rate of germination was
obtained when the artificial seeds were exposed to light
(Figure 3). The usefulness of the coating polymer could not
be assessed because of a poor survival rate of the somat-
ic embryos after 20 days.
The naked embryos elongated and remained green for a
longer period than those that were encapsulated, probably
because they were in direct contact with the germination
medium as compared with the encapsulated embryos. In the
initial stages, the embryos encapsulated in beads containing
3% maltose germinated (radical elongation), but after 20
days additional supplements may be required for seedling
establishment. The addition of plant hormones could possi-
bly prevent degeneration in the later stages.
Figure 2: Percentage encapsulated somatic embryos which
showed cotyledon greening in sodium alginate beads with 2g l-1
activated charcoal (after 15 days). Striped bars represent the artifi-
cial beads placed in the dark for 7 days only. Solid bars represent
the artificial beads placed in the dark for 14 days
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Figure 3: Percentage germination (after 15 days) of somatic
embryos encapsulated in sodium alginate beads with (A) 3%
sucrose and 2g l-1 activated charcoal and (B) 3% maltose and 2g l-1
activated charcoal. Striped bars represent the artificial beads placed
in the dark for 7 days only. Solid bars represent the artificial beads
placed in the dark for 14 days
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The excised zygotic embryos that were encapsulated in
2.2% sodium alginate had a high germination percentage
(85%). Activated charcoal was not required to promote their
germination and was not tested. Conifer zygotic embryos
usually have better storage reserves than somatic embryos,
especially as concerns accumulation of triacylglycerides in
Picea abies (Feirer et al. 1989), P. glauca (Attree et al. 1992)
and Pinus patula (Jones 1994). In comparing germination
between the encapsulated somatic embryos and the zygotic
embryos, it was found that the zygotic embryos emerged
from the alginate bead approximately three days earlier than
the somatic embryos. The reason for this may be that the
zygotic embryos were fully mature, and in a stage of dor-
mancy. Once excised, dormancy was broken and metabo-
lism initiated, resulting in radicle elongation. The somatic
embryos were perhaps not fully mature and therefore took
slightly longer to start elongating and emergence from the
beads. 
According to Redenbaugh et al. (1993) attention should
be directed towards artificial seed storage. This requires
maintaining embryo viability without contamination. Ideally,
artificial seeds should be able to be stored for the same peri-
od as true seeds. A minimum storage period of 6–12 months
or longer may be desirable for most crops, especially since
current seed technology allows for a longer shelf life
(Redenbaugh et al. 1993). However, shorter storage periods
may be tolerated if the value of the specific crop is high. The
results from this study suggest that encapsulated somatic
embryos of Pinus patula can be stored at 2°C for 10 days
and still retain 70% germination. Germination decreases
sharply after 10 days (data not shown). Redenbaugh et al.
(1993) indicated that by drying alginate-encapsulated carrot
somatic embryos to a 67% water loss and storing them at
2°C, they could be stored for 60 days and still have 100%
germination. However, this study revealed that after 20 days
there was an approximately 30% decrease in somatic
embryo germination. The addition of plant growth regulators
and other nutrients into the bead may improve storage time.
A number of advantages are associated with somatic
embryo encapsulation. Embryos can be stored, handled,
transported and planted like true seed (Redenbaugh et al.
1993). The encapsulation process needs to be automated to
allow for more rapid production of artificial seed. The tech-
nique used in this study only enabled approximately 50
embryos to be encapsulated per hour. From a commercial
perspective, this is not economically feasible. Other meth-
ods of encapsulation should be investigated if artificial seeds
are to be used in commercial forestry.
Collectively, the results of this study indicate that it is pos-
sible to encapsulate somatic embryos of Pinus patula for
the production of artificial seed. It is also possible to store
these artificial seeds for a short period. However, the
somatic embryos used in this study showed signs of abnor-
malities, and therefore if ‘healthy’ somatic embryos were to
be encapsulated and stored, this storage time may be
extended. This study showed that P. patula somatic
embryos are capable of emerging from a 2.2% sodium algi-
nate bead. However, further embryo germination was pro-
hibited. The inclusion of other nutritive supplements and
plant growth regulators in the encapsulated bead may
increase the possibility of establishing plantlets through this
type of technology.
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